Abstract. In this study, the ejection stage during the densification process and the mechanical strength of green (unsintered) compact were studied for the binary powder compact of iron and micro crystalline cellulose (MCC). The mass percentage of MCC powder were varied between 0% to 60% of the total mass composition of the iron and MCC mixture. Three different compaction load of 30kN, 60 kN and 90 kN were applied during the compaction process. The tensile strength of the green compact was determined by conducting diametral compression test where the green compact was loaded until fracture. From the compaction experiment, green compact with 60% MCC and 40% iron is the least friable which leads to coherent and well compactable powder. This composition also results in the green compact with the highest tensile strength.
Introduction
The ejection stage during the densification process is the stage where the formed coherent green compacted powder mass is extruded from the die. Due to the sliding motion of the green compact inside the die cavity during the ejection stage, frictional effects represented by the force measured when extruding the green compact is best kept to a minimum due to minimising energy and preventing damages to the green compact upon emergence from the die cavity as high ejection force is usually attributed to damaged compacts [1] . The force-displacement data obtained during the ejection stage can be further divided into three regions; the initial peak representing the highest force measured denoted by 'static friction', and when the compact starts to move is termed as 'sliding friction' and lastly the region when the compact emerges form the die cavity [2] .
The mechanical strength of a compact depends on both formulation and processing parameters. Even at constant processing parameters, the strength of green compact compressed from binary mixtures can often not be predicted from the compaction properties of the starting materials, because interactions between the materials may occur during the compaction process [3] . The mechanical strength of a cylindrical green compact can be determined by measurement of tensile strength, which is determined using the diametral compression test. In this test, the green compact is placed between two platens and compressed diametrically until the crack formed in the centre of compact. As crack forms in the centre of the compact, the maximum force required is recorded. This mode of failure is known as indirect tensile failure as it undergoes compression during loading. A typical force-displacement curve is illustrated in Fig. 1 . Fig. 1 . Typical force-displacement curve for the diametral test [4] In Fig. 1, stage 1 illustrates the initial nonlinear elastic load-displacement relation. In stage 2, the powder shows an almost linear elastic relationship. In stage 3, crack is initiated as the relation between force and displacement is nonlinear until the load reaches the maximum value at C. As in stage 4, the crack becomes unstable where the load decreases rapidly as the crack widens. Finally in stage 5, the load increases again, but the behaviour corresponds now to the loading of two separate disc halves.As the maximum load for the green compact to crack has been obtained, the usual way to calculate the tensile strength from diametrical compression test is by substituting the maximum load value into Eq. 1 [5] :
where σ t is the tensile strength, t is the compact thickness, D is the compact diameterand Pis the maximumdiametral crushing force.
In this work, iron and micro crystalline cellulose (MCC) were chosen based on different physical properties and upon mixing, different physical properties would be obtained. MCC was chosen as it has physical and chemical qualities which has advantageous as powder lubricant and binder which isvital in manufacturing industry [6] . It is the objective of this current work to study the effects of adding MCC to iron powder on the ejection behaviour and strength of the resulting binary MCCIron compacts.
Experimental Procedures
In the preparation of binary powder, mixtures of MCC (from Mingtai Chemical Co. Ltd.) and iron powder (ASC100.29) at three different ratios of mass fractions of MCC/ironare 60/40, 40/60 and 20/80. The powder mixtures of 100 g were mixed in a GlasCol dry powder rotator with variable speed rotator at 30 rpm for 30min.
The powder was uniaxially compacted by single acting upper punch, in a cylindrical stainless steel die of 25mm diameter.Compaction process were conducted using the instron universal testing machine 3382 (Canton MA USA)at a cross-head speed of 5 mm/min. The mass of each compact was selected to be 10 g, and the powder for each compact was weighed using an electronic balance, Model Setra EL-4100D, with the accuracy range of ±0.01 g. Three compaction load, 30kN, 60kN and 90kN were chosen in order to investigate the densification behaviour of the binary powder at different loads.
Diametrical compression test was performed using instron universal testing machine 3365 with 5 kN load cell in order to measure the maximum diametrical crushing force. This test was conducted to investigate the tensile strength of the green compact. The green compact was placed in between the flatten plates and being crushed diametrically with a constant speed of 0.01mm/s until fracture.
Results and Discussions
At the end of the densification process, the application of force is required to eject the green compact from the die. This stage is known as the ejection stage. As can be seen in Fig. 2-4 , a higher load is required to eject the green compact from the die when the compaction load increases. The highest ejection force required is for the case of pure iron at 90kN compaction load. At the lowest compaction load of 30kN, no large differences can be seen when the composition of the MCC increases. Meanwhile, at 60kN and 90kN compaction loads, the presence of MCC reduces the maximum ejection force. The higher the fraction of MCC in the green compact, the lower the maximum force is required to eject the compact from the die. The amount of energy spent during the ejection phase is a quantitative measure of the ability of the green compact to store elastic energy [7] . An increase in ejection force is due to increase in its internal elastic energy. This is further proven, as pure iron green compact at compaction loads of 60kN and 90kN required more force to be ejected compared to other binary green compacts.The friction experienced during ejection arises due to the green compact internal stored elastic energy causing the green compact body to expand and thus pushing onto the die walls during its movement in the ejection stage [7] . The tensile strength for each green compact is calculated using Eq. 1 and tabulated in Table 1 . It is clearly shown that the green compact consisting pure iron exhibits the lowest tensile strength at all compaction loads. Hence, this pure iron green compact may form a poor compact, which could not withstand handling in the subsequent processing stages. At all the compaction loads used, green compacts consistof iron 40% MCC 60% have the highest tensile strengths. The increase in the fraction of MCC increases the tensile strength of the green compacts but as the compaction load increases, the positive effect of the addition of MCC decreases denoted by the decreasing differences in the tensile strength between pure green iron compacts and those containing MCC.
In addition, the tensile strengths of all the green compacts also improve when the compaction load increases. This may be attributed to the fact that the mean contact area between the particles increases in proportion to the compaction load [7] hence higher interparticulate bonding can occur and finally producing stronger compacts. 
Summary
In this work, it has been shown that the addition of MCC into iron powder improves the ejection stage of the densification process and yields mechanically stronger green compacts. From this study, cellulose can be considered as a reinforcement material for iron-based component in the powder metallurgy industry.
